Abstract: Exergy analysis of rough rice drying process in laboratory-scale plug flow fluidised bed dryer was carried out. The drying experiments were conducted to assess the effects of inlet drying air temperature, feed mass flow rate and weir height on energy efficiency, exergy destruction, exergy efficiency, entropy generation, improvement potential rate and sustainability index. The energy and exergy efficiency values were found to be in the ranges of 7.97-31.32% and 4.18-12.00%, respectively. Results showed that the magnitude of exergetic parameters strongly depend on the drying variables. It was also confirmed that exergy analysis presented in this study could be applied to minimise the irreversibilities and losses occurring in the industrial fluidised bed drying systems and enhance the sustainability of fluidised bed drying processes.
Introduction
Fluidised bed drying is considered as one of the most successful drying techniques and has been extensively used for drying of various granular materials with susceptibility to fluidisation. This technique gives numerous advantages over static tray drying methods including good material mixing, easy material transport and high rates of heat and mass transfer (Mujumdar, 2006) . Similar to the other drying techniques, fluidised bed dryers are available in both batch and continuous modes. Batch drying procedure is performed by filling the drying chamber with product being dried, blowing the flow of drying medium until sufficiently drying of product, and then discharging the finished product from the equipment. A batch-fluidised bed dryer is only used for small-scale production or several products are to be produced in the same production line. Conversely, in continuous drying procedure the wet product is fed to the dryer as a continuous stream and the dried product is also discharged continuously. This system is preferred for larger throughputs (Mujumdar, 2006; Picado, 2011) . It should be noted that most of the fluidised bed drying processes carried out industrially are performed in continuous mode. The most popular types of continuous fluidised bed dryers can be categorised as plug flow, well mixed and vibrated fluidised bed dryers (Mujumdar, 2006; Daud, 2008) . Rough rice is ordinarily harvested at average moisture content above safe storage levels (0.2-0.3 d.b.), depending on harvesting method, variety and growth location. Thus, drying of freshly harvested rough rice is essential to prevent quality deterioration owing to mould development (Brooker et al., 1992) . Considering the large throughput and quality characteristics of the rough rice, plug flow fluidised bed dryer is the most prevalent type of the dryer used for rough rice drying (Soponronnarit and Prachayawarakorn, 1994; Soponronnarit et al., 1995 Soponronnarit et al., , 1996 .
One of the most challenging problems of modern industrial dryers is low thermal efficiency of these systems, which must be solved via engineering analyses to augment the income of industrial drying equipments. The significant part of the total energy utilised in manufacturing processes, 12% on the average, is consumed by industrial dryers (Mujumdar, 2006) . Therefore, the drying systems have a considerable share in greenhouse gases emission and associated problems such as acid rain and stratospheric ozone depletion. On the other hand, the rapid depletion of fossil fuel resources on a worldwide basis has necessitated an urgent search for energy-saving strategies to diminish to the present-day demands. Over the past decades, energy analysis by applying
